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Introduction
Spontaneous spinal epidural hematoma (SSEH) is a rare
disease that results in permanent neurological deﬁcit or
death when it is not treated properly. A total of 470
cases have been reported world wide since Jackson re-
ported it for the ﬁrst time in 1869 [14]. This disease entity
accounts for 0.3–0.9 % of the epidural space-occupying
lesion [9, 12, 26, 36]. Although the cause of disease has
not exactly been made clear, most researchers have re-
ported that it is the result of anticoagulant therapy,
vascular malformation, venous epidural plexus defects,
arterial problems, and inherited or acquired bleeding
disorders [1, 3, 5, 7, 9, 12, 16, 33, 37].
Tsai named it as idiopathic spinal hematoma when
there is no known etiologic factor and as spontaneous
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Abstract Spontaneous spinal epidu-
ral hematoma (SSEH) is a rare dis-
ease entity; its causative factors and
the factors determining the outcome
are still controversial. We reviewed
our clinical experiences and analyzed
the various factors related to the
outcome for SSEH. We investigated
14 patients (11 men and 3 women)
who underwent hematoma removal
for SSEH from April 1998 to August
2004. We reviewed age, gender,
hypertension, anticoagulant use and
the preoperative neurological status
using the Japanese Orthopaedics
Association score by examining
medical records, operative records,
pathology reports, and radiograph-
ies, retrospectively. We were check-
ing for factors such as the degree of
cord compression owing to hema-
toma and the extent and location of
the hematoma. Most patients
included in the study were in their
twenties or ﬁfties. Four hematoma
were located in the cervical region
(29%), three were cervicothoracic
(21%), four were thoracic (29%) and
three were in the lumbar (21%) re-
gion and also 12 were located at the
dorsal aspect of the spinal cord. In
all cases, the neurological outcome
improved after the surgical opera-
tion. There was a statistically sig-
niﬁcant diﬀerence between the
incomplete and complete neurologi-
cal injury for the preoperative status
(P<0.05). The neurological out-
come was good in those cases that
had their hematoma removed within
24 h (P<0.05). The patients with
incomplete neurological injury who
had a surgical operation performed
within 12 h had an excellent surgical
outcome (P<0.01). Spontaneous
spinal epidural hematoma was
favorably treated by the means of a
surgical operation. The favorable
factors for SSEH operations were
incomplete neurological injury at the
time of the preoperative status and
the short operative time interval.
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spinal hematoma when there is no bony injury after
minor trauma or after normal daily activity [24, 39].
Lonjon deﬁned idiopathic spinal hematoma and sec-
ondarily arisen spinal hematoma in the result of coag-
ulopathy or vascular malformation or tumor bleeding
[18, 30]. The standard management for SSEH is to
evacuate the hematoma and perform spinal cord
decompression by an emergency operation [13, 32].
However, some researchers have reported that conser-
vative treatment is also a treatment option [4, 17, 18, 21,
27, 38].
The purpose of this research is to analyze relationship
among preoperative neurological status, the operative
time interval, and neurological outcome after surgery for
SSEH.
Methods and materials
We investigated 14 patients (11 men and 3 women) who
underwent the hematoma removal for SSEH from April
1998 to August 2004. The average age of the patients
was 42.3 years and the average follow-up period was
25.1 months.
We reviewed medical records, histories, physical
examinations, operative records, pathology reports and
radiographies retrospectively. We also examined for age,
gender, hypertension, anticoagulant use, preoperative
neurological status, the degree of cord compression, and
the extent and location of the hematoma. We performed
spinal MRI studies on all the patients (Table 1).
The patients received laminectomy via posterior ap-
proach and hematoma removal in all cases. The hema-
toma was assessed at the vertebral level on the sagittal
MRI image. The degree of cord compression was
measured as the maximal diameter of hematoma in
relation to the diameter of spinal canal. The location of
hematoma was classiﬁed as cervical, cervicothoracic,
thoracic, thoracolumbar and lumbar regions on the
sagittal MRI image. The position of the hematoma was
also classiﬁed as dorsal, ventral and posterolateral on
the axial MRI image.
Only one case was conﬁrmed pathologically as
hematoma due to bleeding from a venous malformation
and the other cases were conﬁrmed by pathological
examination as simple hematoma. The operative time
interval was deﬁned as the time from symptom onset to
the time of surgery. We excluded the cases of spinal
trauma, such as spinal dislocation or fracture, postop-
erative hematoma after spine operation, and subdural
and subarachnoid hematoma.
Neurological function of the patients was assessed by
the Japanese Orthopaedics Association (JOA) score
before and after the surgical operation.
The neurological outcome was investigated by the
recovery scale of JOA score, which was calculated by the
following equation [19]:
Recovery scaleð%Þ
¼ ðPostoperative score Preoperative scoreÞ½ðFull scoreÞ  Preoperative score  100
Correlation of variables was statistically analyzed
using regression analysis with SAS Version 8.2. P values
<0.05 were considered signiﬁcant.
Results
Only one patient had acute back pain as the main
complaint, and 13 patients had motor weakness that was
accompanied with pain.
Table 1 The characteristic of SSEH in 14 patients
Age Sex Op. levels Portion Interval
(hrs)
Neurology Hyper
tension
Bleeding
tendency
MR
T1/T2
Initial
JOA score
Post-op
JOA sore
Compress
degree
Outcome
(recovery scale)
1 52 M C3–5 Dorsal 7 SM incompl - - ﬂ / ›ﬂ 3 17 56.4 % 100 %
2 26 M C5 Dorsal 4 SM incompl - - ﬂ / ›ﬂ 12 17 49.9 % 100 %
3 17 M C5–6 Dorsal 312 SM compl - - M/ ﬂ 0 3 43.8 % 18.2 %
4 63 M C6–7 Dorsal 5.5 SM incompl + - ﬂ / ›ﬂ 5 17 39.8 % 100 %
5 83 M C3-T1 Dorsolat 51 SM compl + + ﬂ / ﬂ 3 9 35.4 % 44.4 %
6 21 M C3-T2 Dorsal 3 SM compl - - M/ ›ﬂ 0 8 40.3 % 45.5 %
7 36 M C6-T7 Dorsal 38 SM incompl - - ﬂ / ›ﬂ 6 12 55.4 % 57.1 %
8 28 M T1–2 Dorsal 7 SM compl - - ﬂ / ›ﬂ 0 14 80.3 % 81.8 %
9 33 M T6–9 Dorsal 14 SM compl - - ﬂ / ›ﬂ 0 11 64.1 % 63.6 %
10 37 M T8–11 Dorsal 5 SM compl - - M/›ﬂ 0 9 65.9 % 54.5 %
11 59 F T9–10 Dorsal 25 SM compl + + ﬂ / ›ﬂ 0 8 58.8 % 45.5 %
12 59 F L2–4 Dorsal 192 SM incompl + + M/ ﬂ 11 16 75.6 % 75 %
13 51 F L2–5 Dorsal 168 SM incompl - + › / ›ﬂ 9 12 76.9 % 40 %
14 28 M L4–5 Ventral 12 SM incompl - - M/ › 14 17 57.3 % 100 %
M; motor S; sensory compl; complete incompl; incomplete
M; isointense ›; hyperintense to cord ﬂ; hypointense to cord
›ﬂ; heterogenous intensity
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There were four cases with bleeding tendencies. One
patient had been medicated with heparin because of
their cerebrovascular accident, one patient had been
given coumadin after cardiac surgery, one patient had
been given aspirin because of myocardial infarction, and
one patient had been taking warfarin after thrombolec-
tomy for deep vein thrombosis. Four patients were
diagnosed as hypertension and so they took antihyper-
tensive agents before the surgical operations.
The hematomas of 13 patients invaded more than
two vertebral levels, whereas one case was found to have
hematoma only at one vertebral level. The extent of
hematoma was distributed from one to nine vertebral
segments, its average was 3.6 vertebral levels. There were
four cervical hematomas, three cervicothoracic hema-
tomas, four thoracic hematomas and three lumbar
hematomas, and most of them were dorsal to the spinal
cord. That is to say, 12 cases were dorsal hematomas, 1
case was a ventral hematoma and 1 case was a pos-
terolateral hemtoma. The degree of compression by the
hematoma was from 35.4% to 80.3%, and the average
compression was 58.1%. The hematomas revealed as
mixed intensity on the T1 and T2 weighted MRI
(Figs. 1, 2). Most hematomas were spindle- or fusiform-
shaped. There were some cases that displayed intrame-
dullary edema that was thought to be cord edema.
There was no complication related to the surgical
operations. In all cases, the recovery scale was improved
after surgical operation. The average of the initial JOA
(preoperative JOA) was 2.9, but the average of postop-
erative JOA improved up to a score of 7.9 after surgery.
The average recovery scale was 66.1% (18.2–100%).
Seven cases had incomplete injury, but another seven
cases had complete injury on the preoperative neuro-
logical status. The average of the recovery scale in cases
of incomplete injury after the operation was 81.7%, and
in cases of complete injury the average of the recovery
scale was 50.5%. There was a statistically signiﬁcant
diﬀerence between the complete and incomplete neuro-
logical injury on the preoperative neurological status
(P<0.05) (Table 2). Nine cases of 14 cases improved the
neurological deﬁcit more than 50% when the scores for
before and after surgery were compared.
For the operative time interval, the period from
symptom onset to the operation was from 3 h to 312 h,
and the average was 60.3 h. There was an inverse cor-
relation between the operative time interval and recov-
ery scale (P<0.05) (Fig. 3).
We performed operation within 24 h for eight cases,
and the average of recovery scale for these cases was
80.7%. Seven of these cases improved more than 50%
on the recovery scale. There were six cases that we
performed operations on that were beyond 24 h, and the
average of the recovery scale was 46.7%. Two of them
improved more than 50%. Particularly for the opera-
tions within 24 h, the scores for the recovery scale of the
surgical operation were more obviously improved rather
than the operations that were performed after 24 h
(P<0.05) (Table 3).
After the symptoms developed, it took an average of
59.6 h for us to begin the operation for the patients with
complete injury, and it took 60.9 h for those patients
with incomplete injury. There was no statistical diﬀer-
ence between complete and incomplete injury patients
before surgical operation. Among the patients with
incomplete injury (seven cases), there was a statistically
signiﬁcant diﬀerence between the patients who were
operated on within 12 h (four cases) and those patients
(three cases) who were operated on after 12 h
(P<0.005). All the incomplete injury patients who were
operated within 12 h showed full recovery. None of
complete injury patients achieved a full recovery.
However, among the patients with complete injury
(seven cases), there was a statistically signiﬁcant diﬀer-
Fig. 1 A 21 year-old man suf-
fered from a sudden-onset of
posterior neck pain and then he
developed paraplegia and anes-
thesia below T4. a, b On sagittal
T1 and T2-weighted images, the
hematoma was located on the
portion dorsal to the dural sac.
It was a spindle-shaped lesion
on the cervicothoracic spine
(C4-T2). c On the axial T1-
weighted image, the hematoma
was located on dorsal portion
around to dural sac, demon-
strating a lentiform-shape, and
the dural sac was severely
compressed
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ence between the patients who were operated within 24 h
and those who were operated on after 24 h (P<0.05).
There was no correlation between postoperative out-
come and age, gender, hematoma location, the extent of
the hematoma and the degree of cord compression ow-
ing to hematoma.
Discussion
Spontaneous spinal epidural hematoma develops only
rarely, but it can leave serious sequelae when it does
occur.
The causes for spinal epidural hematoma are various
and multifactorial. Some reports have asserted that the
cause is hypertension or coagulopathy [1, 6, 16, 25].
Beatty and Winston advocated that small disrupted
epidural arteries caused SSEH [3]. Cooper and Mark-
ham postulated that intra-abdominal or thoracic pres-
sure may be transmitted to the epidural plexus and so
cause SSEH [5, 32]. Gundry and Heithoﬀ supposed the
idea that a herniated disc tore the fragile epidural veins
of Batson and this caused epidural bleeding [15]. Other
writers have reported that SSEH is caused by an extra-
dural spinal vascular anomaly, and this was proven by
the pathologic diagnosis and histology [7, 12, 37]. An-
other report has stated that 40% of the underlying
causes of this disease are unknown [9]. In our experience,
we had four cases that had high blood pressure and four
cases that had bleeding tendencies. We found that only
one case had a pathological vascular anomaly. It seems
that further research may be needed to ﬁnd whether
these elements are the causes of SSEH.
The characteristic clinical symptoms of SSEH are an
acute onset of local pain and sometimes there is radic-
ular paresthesia. Within minutes or hours, the signs of
Fig. 2 A 51 year-old man had
paraparesis and back pain, and
he had been previously treated
with warfarin for deep vein
thrombosis of the lower
extremities. a, b On sagittal T1
and T2-weighted images, the
hematoma was located on the
portion dorsal to the dural sac
on L2–L5, and the lesion
revealed with mixed density. c
On the axial T1-weighted im-
age, the hematoma was located
on dorsal portion to the dural
sac and the dural sac was
severely compressed
Table 2 Improvement in recovery scale (n=14; values are
mean±SD)
Neurological
status
JOA
score initial
JOA score
after operation
Recovery
scale
Complete (7) 0.4±1.2 8.8±3.3 50.5 %
Incomplete (7) 8.6±4.1 15.5±2.2 81.7 %*
*P<0.05 (signiﬁcant diﬀerence compared to the initial ﬁndings and
after the operation)
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Fig. 3 The shorter the opera-
tive time interval, the more
improvement in the recovery
scale, particularly within 24 h
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spinal cord compression appear as progressive paraple-
gia and the loss of sensory function. The range of the
time until the signs and symptoms present is various,
from several minutes to several days [20, 32].
MRI is the neuroimaging tool of choice.We can see the
correct position of the hematoma, the extent and time
frame of the bleeding, cord compression and spinal cord
edema. The MRI signal for the hematoma shows as iso-
intense to the spinal cordon theT1WIwithin theﬁrst 24 h,
and as a hyperintense or mixed signal to the cord on the
T2WI after 36 h [10]. Holtas et al. [20] said that the signal
shift from early-stage isointensity to intermediate-stage
hyperintensity on T1WI was a pathognomic ﬁnding. We
realized that MRI showed a heterogenous mixed signal
intensity on the T1 and T2 weighted images (Figs. 1, 2).
Groen et al. have claimed that SSEH occurred mainly
in the cervicothoracic or thoracolumbar region [8, 11,
12]. Foo et al. [9] and Major et al. [31] described that
surgical outcomes were more favorable in the lumbosa-
cral region than in the thoracic region, and Fukui et al.
[10] reported that if the hematoma has a cervical or
cervicothoracic localization, spontaneous recovery is
possible without a surgical operation. They also reported
that the neurological outcome is better when the SSEH is
limited to one vertebral level. But other authors reported
that there was no interrelation between the hematoma’s
extent and the neurological outcome [13, 28]. Our cases
were mainly dorsal to the spinal cord, and the hemato-
mas were mostly in the cervical and thoracic region.
There was no particular relation between the surgical
outcome and hematoma’s location or its extent.
The degree of spinal cord compression and spinal
canal compromise might be useful to decide the neuro-
logical outcome, but our results found no interrelation
for these factors, the same as Fukui et al. [10]. In addi-
tion, age and gender did not show any correlation with
the postoperative neurological outcomes, which was the
same as other authors‘ results [7, 11].
Some authors [4, 17, 27, 35, 38] have reported that the
conservative treatment is eﬀective, but the standard
management is a quick diagnosis and evacuation of
hematoma by a surgical operation [2, 6, 13, 18, 21, 24,
28, 32, 34].
The authors who insisted on the conservative
treatment for SSEH have postulated that coagulopathy
induced SSEH, and the hematomas did not need a sur-
gical operation because they were not clotted, but that
the pooled blood remained in a liquid state. There have
been several case reports where the clinical state and the
radiological ﬁndings improved within a few hours of the
symptom onset [4, 17, 18, 21, 27, 38]. However, it was
mostly mild or benign cases were treated conservatively.
As most of our cases were serious with progressive
neurological deterioration, we treated them by surgical
operation. The recovery scale increased for all the cases
after the surgery. In other words, all the cases had an
improved neurological outcome after the surgical oper-
ation. Surgical decompression ultimately resulted in
functional improvement. Recent report of Little et al.
[29] shows that minimally invasive surgery using
thrombolytic agents can lower the risk of spinal insta-
bility and postoperative pain in the patients who are in
poor general condition.
Initial neurological deﬁcit and neurological outcome
Many authors have reported that the preoperative neu-
rological status was the most important factor that
decided neurological recovery [9, 10, 26, 28]. Lonjon
et al. reported that the preoperative neurological status
is the essential prognostic factor [18, 30]. Foo et al. [9]
reported the neurological status returned to normal in
only 45.3% of the patients among the early complete
deﬁcit patients, but the neurological status returned to
normal in 95% of the patients among the incomplete
sensorimotor deﬁcit ones. In our cases, the neurological
status returned to normal in 57.1% among the early
incomplete deﬁcit patients, but none of the complete
deﬁcit cases returned to normal. We think that the
preoperative neurological status mainly aﬀects the neu-
rological outcome after the surgical operation. Never-
theless, three of seven complete deﬁcit cases improved
more than 50% after their surgical operation. The neu-
rological outcome was better for those cases with
incomplete injury status before the surgical operation
than in the cases with complete injury status (P<0.05).
Moreover, there was a meaningful statistic diﬀerence
between the JOA score before the operation and the
recovery scale after the operation (P<0.05). The better
preoperative JOA score leads to the better postoperative
JOA score (Fig. 4). In summary, there was good neu-
rological recovery for the patients who had early
incomplete motor and sensory losses.
The surgical time and neurological outcome
Most authors also have asserted that the neurological
outcome was strongly related with the time interval, that
is, from symptom onset to surgical decompression [2, 6,
13, 24, 28, 32, 34]. However, Foo et al. [9] reported that
Table 3 The relationship between the operative time and recovery
scale (n=14; values are mean±SD)
Operative
interval
JOA score
initial
JOA score
after operation
Recovery
scale
<12 h 5.4±2.4 14.1±4.6 83.1 %*
12–24 h 0 9.3±2.2 63.6 %*
>24 h 4.9±4.6 10.1±4.4 46.7 %
*P<0.05 (signiﬁcant diﬀerence compared to the initial ﬁndings and
after the operation)
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there was no correlation between the time of surgical
decompression and neurological outcome. Up to now,
the time interval of spinal cord decompression for pa-
tients with SSEH has long been a controversial topic.
Grollmus et al. have reported that the prognosis is
favorable if the operation is carried out within 8 h [14,
24, 31]. Alexiadou-Rudolf [2] reported that favorable
postoperative functional results were noted for patient
whose symptoms had lasted for less than 12 h. Mark-
ham et al. [32] have suggested that for patients operated
on in less than 24 h, 50% will recover from paralysis.
McQuarrie et al. [34] have reported that decompressive
surgery within 36 h was critical and Liao et al. [28]
showed that within 48 h was critical. Groen and Van
Alphen [13] asserted that recovery was better when
decompression was performed within 36 h for patients
with complete sensorimotor loss and within 48 h for
patients with an incomplete sensorimotor deﬁcit. As for
our experience, good outcomes were found when the
patients were operated on within 24 h. Especially when
the patients with incomplete injury were operated within
12 h, all of them returned to a normal condition. In
contrast, failure to fully recover was observed with
complete injury even if surgical decompression done
within 12 h. That is, the patient made a complete
recovery by means of the rapid surgical decompression
that was done less than 12 h before the neurological
status completely deteriorated. Although the preopera-
tive neurological status strongly predicts the neurologi-
cal outcome, surgery has to be performed within at least
24 h for the patients with a poor neurological status
because the patients did improve in those cases of sur-
gical decompression that were done in less than 24 h.
Improvement of the neurological outcome can be
understood from the animal models of spinal cord in-
jury. Jarmundovicz et al. [22, 23] have explained that
spinal cord compression in rabbits allowed the devel-
opment of great changes in the nerve ﬁbers, vascular
endothelium and microcirculation. The compression
resulted in the formation of hemorrhage, central
necrosis and edema around the axons as well as at the
myelin sheaths. The longer the spinal cord compression
time was, then the greater the extent of changes became,
which are called secondary damages.
We speculated that early decompression at less than
12 h for incomplete neurological deﬁcits constrains the
ischemic change, and the recovery is full. However, if
compression of the spinal cord continues for over 24 h,
the secondary changes then occur and the function of
the spinal cord does not return to normal. We should
make an in depth analysis of the assumption in the
future. In closing, it is evident that a surgical operation
is warranted in those patients with neurological deﬁcit
due to SSEH, and those cases that had earlier surgical
intervention performed before the onset of complete
neurological deﬁcit attained good results. We suggest
that the ﬁnal outcome was related with two factors:
one was the preoperative neurological status and the
other was the time from the initial onset to the oper-
ation.
Conclusion
Spontaneous spinal epidural hematoma has a tendency
to progress to neurological aggravation. We treated our
patients with surgical operation and we achieved
favorable outcomes. The neurological outcome is related
with the preoperative status of the neurological deﬁcit
and the operative time interval. The better the preop-
erative neurological status is, the better will be the
neurological outcome after the surgical operation. If the
time for the surgical operation is shorter, then the neu-
rological outcome is better. Particularly, the outcome is
good when patients with incomplete injury were oper-
ated on within 12 h. Even patients with complete neu-
rological deﬁcits can improve if the surgical operation is
performed within less than 24 h.
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Fig. 4 The postoperative surgi-
cal results are correlated with
pre-operative neurological sta-
tus. The better preoperative
JOA score leads to the better
postoperative JOA score
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